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DEPARTMENT OF THE ARMY
HQ, US ARMY AVIATION RESEARCH ANO DEVELOPMET COMMAND
4300 GOODFELLOW BQULE W, ST, LOUIS, KO 53120

SUBJECT: Directorate for Development and Qualification Position on the
Final Report of USAAEFA Project No. 79-08, AH-1S (PROD) Airworthiness
and Flight Characteristics for Instrument Flight

SEE DISTRIBUTION

1. The purpose of this letter is to establish the Directorate for Development
and Qualification position on the subject report. The Airworthiness and Flight
Characteristics (A&FC) test was conducted to evaluate the instrument flight
characteristics of the AH-1S series helicopters and determine airworthiness
qualifications under instrument meteorological conditions (IMC). The original
IMC restrictions had been determined based on testing of the AH-1G. Several
significant changes had been made to the AH-1S which prompted a new IMC
evaluation. These changes included an increased gross weight, SCAS gain
changes and airspeed system relocations., Based on the subject report test
results the AH-1S cannot be qualified for flight under IMC due to the significant
deficiencies identified.

2. This Directorate agrees with the report findings and conclusions. The
tollowing comments are made relative to the findings and conclusions and are
directed to the report paragraph as indicated.

a. Paragraph 42a. The poor cycle control mechanical system characteristics
(longitudinal and lateral) significantly degraded the AH-1S IMC flight
characteristics and resulted in an unacceptable pilot workload as well as
adversely impacting the pilot's capability of precise aircraft control. Major
poor system characteristics included excessive breakout plus friction forces,
unbalanced control position gradients and excessively wide trim control dis-
placement bands,

b. Paragraph 42b. The large airspeed position errors exhibited during
power changes significantly degraded the pilot's ability to maintain desired
ailrspeeds and rates of climb/descent within reasonable limits under simulated
IMC conditions.

c. Paragraph 42c. The easily excited lateral gust responsc resulted in
large roll attfitude changes of up to 10 degrees with no tendency for the air-
craft to return to the trim roll attitude. This resulted in considerable
pilot concentration to correct at the degradation of other cockpit requirements
such as navigation, tuning radios and maneuvering during approach.




NDRDAV-D
SUBJECT: Directorate for Development and Qualification Position on the
Final Report of USAAEFA Project No. 79-08, AH-1S (PROD) Airworthiness
and Flight Characteristics for Instrument Flight

d. Paragraph 42d. The vertigo~inducing location of the UHF, VOR, AD¥ and
transponder control heads added significantly to the pilot workload under IMC.
This deficiency is adversely impacted by the deficiencies discussed in para-
graphs 2a, 2b, and 2c above.

e. Paragraphs 43a through 43g. The shortcomings discussed in these para-
graphs compounded the difficulty of counducting IMC flight on the AH-15. When
considered in conjunction with the deficiencies addressed in paragraphs 2a
through 2d above they resulted in significantly degraded {lying qualities under
IMC flight.

~

f. Paragraphs 44a through 44e, The non-compliance to relative paragraphs
of MIL-H-850iA or deviations contained in the AH-1S Detail Sneciflcation are
significant factors in the unacceptable IMC flight qualities of the AH-1S.

3. Correction of the deficiencies specified in the subject report are required
for airworthiness qualification of the AH-1S for flight under IMC. Such
qualification 1is feasible with PIP action as stated below.

a. Cyclic control mechanical system characteriscrics, Short term solutions
would require a modified rigging procedure to minimize control €uaction. Long
cerm solution would consist of providing pilot adjustable cvelic friction,
changed spring force cartridge and tailcoring of spring centering cartridge.

b. Airspeed position error., An acceptable short term solution is not
identified. Long term solutions would include possible tie-in tu the air data
sy~ tem or relocation of pilot~static system.

c¢. Lateral gust response, An acceptable short term solution {s not
identified. Long term solutions would include tailoring roll and yaw SCAS
axis gains and lag rate damping for desirable flying qualities.

d. Vertigo-inducing locations of the UHF, VOR, ADF and transponder ccntrol
heads, Short term solution would be human factors analysis and wiring study
te optimize current installation. Long term would consist of human factors
analysis and radios study to optimize future installations.

CHARLFS L. LRAWFORD /4:/ ;:;)

Director of Development
and Qualification :

FOR THE COMMANDER:
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INTRODUCTION

BACKGROUND

1. The AH-1S series helicopter has not heen qualificd for instrument iTight
because of iadequate backap electrical power and mareinal handhng qualities,
Fhe anstathatton of o FO-Kidovolt: Ampere CRVA)Y alternator and o Ganslonaes
reatitior to the electrcal system ot the ANSTS with the bobhanced Cobia Armamerndt
Svatem tHOASY provides adeqguate backup clectnical power. An o Instromen!
\ctearologmeal Condittons (IMC)Y evabuation was previousIv conducted an o AH LG
Ret ToApp AL Additional fight testing was requieed o aor AH LS o evadiate
anges i IMC andbing quatities caused by the mcrcased sons werht change
arsnnent configuration, and the mstaltation o) 4 1Tt plate canopy as companet o
an AH-IG. The United  States Army  Aviation  Fogineering Fheht o Adinat
(USAAEFA) was directed by the United States Army  Aviation Research and
Development Command (AVRADCOM) to conduct an airsorthiness ang iehy
characteristios (A&EFC) test of the AH-1S (Prod)y for IMC flight (Ret 20 App A\
Previous test of the AH-1S (ECAS) (Ret 3, App A indicated the stalibiny oo
control characteristics ot the AIRLS (FCAS) and AMFLS (Prody are esaentuaily
unchanged.

TEST ORIECTIVES

Fhe test objectives were a0 To quantitatively evaluate the mstiment thebt
charactenistics of  the AH-IS (Prod)  helicopter against the requircments of
section 3.6 of military specification MIT-HESSOTA (Ret 40 App A and thereby
inter potential tor the AH-IS (FCAS) to meet IMC qualitication crrteri

h To qualitatively  cevaluate the ATETS istoament iehit chuaacone e
duong simudated IMO fhight,

DESCRIPTION

} Lhe production AETS s o tandem seat, two-place bieheopter watha te o biladey
mar rotor and g two-bladed Maodel 212 tractor tinhrotor. The belicopter is powered
by Dveomiung 1531 703 turboshaft engine thermody nanmcally rated at 1800 shatt
acrsepower ESHPY at sea-fevel, standard-day conditions derated by mam tansintssion
imrtations to 1290 SHP tor 20 minutes and TE3Y SHP tor continuons aperation
Distinctive teatures ot the helicopter include the narrow fuscelage, stubo wings with
todat stores stagons, and o tat-plate canopy. A more complete desenipnion ot the
AH S s presented o the operator’s manual (Ret S App Ay and Appendin B

4 Phe test atrerdt AHES (Prody USA Senal Number 76 22573 was contipeured
with the K747 muain rotor blades, two MoS rube-biunchied  optically trached
wire-puided CFOW) missile Launchers on cach outboard store station and o Mo
Ttube hghtwerght launcher (LWEY on cach ot the two mboard store stations s
Bhrown in Photo AL One thight was performed wath toor Heiltme missiles it dbed on
cach of the outhoard stare seations, and T WL renioved

TESESCOPL

5 This A&EC evaluation was conducted at Fdwards Air [ orce Bose 6o,
trom 2 Mav 1980 throash 8 Augast 19RO Fwelbve test hohts were thows v tong!




of 16.3 flight hours, Flight restrictions contained in the operator's manual (Ret 5,
App A) and the airworthiness release (Ref 6) were observed. Flight test conditions
are summarized in Table 1.

TEST METHODOLOGY

6. Testing was conducted in two phases. The purpose of the first phase was to
quantitatively evaluate the handling qualitics characterisitcs using standard test
techniques and data reduction procedures described in Reference 7, Appendix A.
The purpose of the second phase was to qualitatively evaluate the handling quahtics
characteristics while performing simulated IMC flight tasks. Performance standards
associated with successful performance of the task are those contained in Aircrew
Training Manual (Ref 8, App A). During all testing, data were recorded on magnetic
tape with pilot comments hand recorded as they were made. The data parumetens
are presented in Appendix C. For the phase two test, all special test instrumentation
and displays were removed from the pilot's station, and the cockpit was configured
in accordance with the operator's manual. A Handling Qualitics Rating Scale
(HQRS) (App D) was used to augment pilot comments relative to handling qualities
and instrument flight task.
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RESULTS AND DISCUSSION

GENERAL

; A quantitative and qualitative evaluation o instrament heht characiensine ol
the AT-TS (Prod)y hehicopter was conducted toanter potential tor the AHFIS (L CAS)
to meet the IMC qualdicition critere ostablished i Militoy Speatn ation
MEL-EERSOTA (Retd, App A The ALIS (Prod) v not siitable tor thght
instrument metearogical conditions, which infers that the AH-1S (FCASH wall alse
not be suitable. Four deticiencies were adentificd: Unsatistactory ovedie conting
system mechanical charsteristios, Large pitotstatic system airspeed errors m it
and descent casily exated Fateral gust response . and vertigo mdocing tocation o
radio control panels. Additionally . seven shortcomings were noted. Persistani
fateral-directional  oscillations, Tateral trim changes  with airspecd. wodak stati
longitudinal stability at cruise airspeed, an engine-torque oscillution, tollowing
power change. location or Environmental Control System (FCSy control head,
obstructed view of vertical index reference mark on pilot's attitude mdicator. and
the Tack of storage space tor instrument {light publications and equipment

HANDLING QUALITIES

General

N Phe ATETS (Prody tested shows o degradation m handhny quabives o
previousivotested AH-TG The handing qualities classitied as debicent [N
v vontrol system mechamcat characteristios whieh i tade olyectiom d T b
plos tnchon Torce, o control force versus posttion eradient Tess than the iacobs

phus Tnchion torce. the existence of o tm control chisplicerment fopd andd 1 N
cacrted Lteral vust response Shartcomimes mctude the persistent Lateral Qe
oscillutions and engine-torque oscillations that required in escess al 20 s oot 1o
the enmne power to stahilize.

Oy chic Control System Characteristics

9. Cealic control system characteristios were measured ina static condition o
coscribed in the Test Techniques section of Appendix D Control toree us . tana L
of controldisplacement is presented i Fieures b oand 200 Appendin b

sunnnarized in Fable 20 Control system characterstios in flight were gqualitatinveiy
evaluated s beie essentially the same as those observed ander the static e
conditions deseribed above,

10 Prior to the testo ovelic friction (not adjustable rom cochpitiwas set 1o th,
manulacturer's value per maintenance mstructions (Ret 9, App A T he longitaudind
and ateral breakout toree Gmeluding friction), control foree versus position viadient
and it control foree all exceed both the imits specttred m MIL-TESSOTA and the
approved deviations  in the Bell Helicopter Textron  Jdetided  speaification
N 2099073985 Octaber 1979 (Ret 10, App A).

L Phe Tueh doneitidhinal and Loeral brcakout Torces, tic cantiol Taree positien
viadrent and the Taree tim control displacenent band all combune to prechude e
smooth cvelic control movements necessary for precise arreratt attiitude contool
required an MO The fongitudimal and Tateral breakout torce Gncldimye Trction
are obpectional and require the pilot to operate across an S-ponnd Toneitadimnal
O pound Erteral Torce difterential tor any modulated control displacement. <ot e
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correcting o gost upset Phos i fatiguing and when coupled with conee” toree censins
position gradhient (25 pounds per inch)y that s less than the breakout plus incuon
force. the result is o control displacement that more nearly resembles a step or spiie
input with frequent overshoot. The step or spike input occurs because the arm
muscle does not readily accommodate the foree discontimuity. The problem exists in
both lateral and longitudinal axis and is further amplificd by the frequency and
severity of any gust upset. The existence of a trim control displacement band.
of 1.5 inches longitudinally and 1.2 inches laterally, eliminates the force cue which
would normally assist in returning the cyclic stick to the trim condition once 1t had
been displaced. The eftect of these unsatisfactory charactenstics on the pilot's
ability to control the aireraft is discussed more fully in paragraphis 24 through 0.
The poor cvelic control system mechanica? characteristios are a deticienay tor IMC
apet Hion

Control Positions in Trimied Forward Flight

12, Conuol positions were determined i trimmed fevell clinbmg descendmg,
and antorotationsd Might with  the aircraft stabitized at zore sideshy for the
vondiions hsted i fable 10 using the techinigne descitbed in Appoado D Test
cestdts dre oresentea a Lizare 30App B

{5 Longitudingd control position variations were esentiallv Bnear wit!h wirpeed
and displayed increasing torward control with incrensing aimspeed  Fateral control
position at the condition tested shows significant trim change with airspeed eacept
tor descending flight. These trime changes were particularly bother-ine in fevel and
<limbing flight due to the nen-lineerity. A lateral contiol trim Change of 0 7 anch
ovearred an fevel Bight bhetween 86 KCAS and 120 KOAS, whidc longitadinally that
ainspeed char e requured 1 inches ot Jongitudinal control traveis The aet resuft s
an ancomfortalle ettt torvard movement of the cyviie oo 37 anele to the
longitudinal axis of the aireradt. The sateral trim changes with powor Lni o nopeed
are d shorteoming

P A pepsistent cigine torque oscillation was oxerted cadh e crgime povwcr was
chunped. Figare A shows torgue oscillations occtrmmg at appreximatels three evdes
per cccond. This perisient engine forque oscillation is an maication of engine
airtrasre incompatibility which may contnbute to the oxcitaticn of the lateral-
directional osallation discassed e paragroph 230 The Comne wirfrome incompuati-
belitv, oy evidenced Byl persistent engine torgue osallation s sbortconung,

Static Longitudmal Stabity

IS0 The static tonoitudimal stabihty charactersoo, were evidaaded ai the conditions
specitied in Table Bowith the wreratt stabihized at zere sidoship. using the technmngue
deseribed in Appenddix D2 Test reselts are presented o Figures 3 anid <0 Appendin b

16, The static ltongtudimal stobility, as indicated by the vanuition ot longntadinad
control posttion with airspeed was stable at all tnm airspeeds and condimons tested
except i leve! ight at wirspeeds preater than LIS Ke'AS At speeds gresier than ine
trim airspecd the pradient was nearly newtral, This weak statie Tonwmtadie d stababity
while mecting the minimuam requarements of M HSSOPAD appoared aeutral an
thight and when coupled with the unsatistactory cyclic control sysiem chumactetistioy
sequited  considerable pilot compensation (HORS St oo mamtan, o trims crunse
airspeed. The weak statie fongitudinal stability at crinse ainpeed o~ 0 -hor comne

et
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Static Lateral-Directional Stability

17. The static lateral-directional stability characteristics were evaluated at the
conditions specitied in Table 1 using the techniques described in Appendix 1), Test
results are presented in Figures 6 and 7, Appendix L.

18. Static directional stability was positive (increasing left directional control
position with increasing right sideslip) throughout the sideslip envelope for all trim
airspeeds and was satisfactory. Dihedraf effect was also positive (ircreasing right
lateral cyclic control position with increasing right sideslip) throughout the sideship
envelope for all trim airspeeds and is satisfactory. The side-toree charactertistics are
essentially the same as previously reported (Refs 3 and 11, App A). The static
lateral-directional characteristics are satisfactory.

Dynamic Stability

19, Longitudinal and lateral-directional dynamic stability charactenistics were
evaluated at the conditions listed in Table 1. A description of cach test technigque is
piven in Appendix D Selected time histories are presented in ffigures 8 through 12,
Appendix B

20, The fongitudinal short-term gust response was essentially deadbeat tor all SCAS
ON tests. SCAS OFF, the longitudinal pulse input excited the lateral-directional
mode. and made the short-term response ditficult to evaluate. The longitudinal
short-term gust response, SCAS ON, met the requirements of MIL-H-8501A und i~
satistactory for IMC thight.

21 A ateral-directionad oscillation (Dutch roll) was the principle ateraft response
to an external gust upset. Representative SCAS ON lateral-directional short-term
gust response is shown in Figures 9 through 11, Appendix F. The aircraft exhibited
positive but light damping in both roll and vaw. There was no tendency for the
wreralt to return to steady, level flight once the roll and yaw rates subsided. This
siume characteristic was observed during the qualitative evaluation in gusty air. Roll
attitude excursions of up to 10 degrees in the IMC environment were observed
which are sufticient to interrupt the pilot's normal instrument cross check sequence,
and resulted in the pilot concentrating on returning the aireratt to level flight. Since
the aircraft s casily upset in roll, the requirement to concentrate on roll attitude
control impacts on the pilot's ability to perform other flight tasks such as tuning
radios, navigating. and mancuvering the aircraft during the approach phase of the
tlight. The lateral gust response of the AH-1S (Prod) is 4 deficieney tor IMC
aperation.

220 The coupled lateral-directional oscillations with SCAS ON tend (o perast
tollowing a gust upset. This characteristic was bothersome in the simulated IMC
cnvironment and  precluded  precise control of heading and roll attitude. This
characteristic is most bothersome while maneuvering the aircraft in holding patterns,
tracking trom navigation aids to the airfield, and when complying with ground
controlfed  approach (GCA)Y instructions.  The  existence  of - persistent
lateral-directional oscillation fails to meet the requirements of paragraph 3 6.1.2 of
MIL-H-RSOTA. The persistent lateral-directional  oscillation  characteristic v
shortcomng.

230 Spiral stability charactenstics were evaluated SCAS ON and were tound to be
mildly divergent. Figure 12, Appendix Foas typical of the SCAS ON evaluation and
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shows o 1) degree divergence ot the end of 22scoonds. The SCAS Obr i
exvitation resuited i oscillatory roll divergence. The SCAS OF B spuad stalaliny
charactenistios were ddifficult to evaluate due te excitiation of the short enm
lateral-directional osaiffation. The SCAS ON spiral stability choare tenstes 1
SANSTUCTory

MENT

QUALITATIVE ASSE!

General

2 suubated 1MO mancovers were evatuated trome the plots posttion wth side
cians instatled. AN exrernal visual reterence was clinmated  howeser the urtans
were dight encuneh to furnish fall Javhght hehtioe o8 e cockpit The IM(
simutation was separated into three distinet categonies: First, an cvainnbion o0 basie
air maneuvers and individual IMC tasks: second, NAVAID approaches: and thrd.
a representative 1FR tlieht. The performance standards used were those normally
associated with an annual instrument checkride (100 feet aftitude. 400 knots
mdicated ainspecd (KIASY, wnd ¢ 1O heading). Additronaily - the pelat « waorkiead
was quahitenvely davessed throvghout @l thelits Sevo piho s poctapaied ot
qualitative evaluation. Based on the inability to meet performance standards and
excessively fueh prot workicn T the XHETS (Prod) s consadeved veantat o tar hie!
ilght

Basic Instrament Meteorological Conditions (IMC) Tisks
250 Fach indmvidaal task was evaluated with the piot's 1ot strention devated 1o
aircriatt controb for the purpose of achieving the desived pertormance stan-dant. ~No
distractors, such as navigation radio tuning or communication with contiollers, were
performed. Al tasks were performed in bath smoodh e and o behit toihefence
with arreratt at mid op and maximuim gross weight ot tal coti

Straight and Level Flight:

260 The first task was Lo perform straight and feve! ight dhe anerait pust
response was primasly e roll with some minor accompanving view  he roll attitude
changed as much as 1wen degrees from the trim condition and con<tantly requiied
Lteral cyche anputs te reeam o wings-level attitude, The eveite imputs were sl
Foswever, they were svithin the trim control friction boad. and a preaise return of the
cvelio e the orpanal troa condition was not poss e Do fo the oot tresbont phis
trectton forees require:t o dieplice the ey chie and be comparative sy B farce
cradients Laterd conteabmputs restdted m overshoctimg tee desired conto ] positon
Stranght and devel ahight could be perfonned within the desiee portoreimee
standard. bat reqrirad constant attention and frequent vcontrol wputs to adaese
that  pertormance (HORS 5y Throughout  the straaght and fevel cvaluation,
continuous fateral-ducctional oscillations were noted eparagrani 27 These were
sutfivient te cue the priot to make control inputs which adde ] to the chicads Toeh
worklomd

Standard Rate Level Turns:

Parns were made Poth et apd vt ar 90 andd THGREAS Th o ik
anele tor o standard rate toen was O deprecs Inoeach case past desturbonoes oy e
contral of the bank anele extremely ot wath bank anele Seaventiv varving
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trom 15 to 30 degrees. The undesirable mechanical charcctenstios (paragraph 1D
contributed to the difticulty of perform.ng the standard rate turns, Fhe established
standard was achievable: however, there was a high pilot workoad associated with
the task (HQRS 6) and variations of 80 feet on assigned altitude were frequent. The
desired rollout heading could be acquired within 10 degrees (HORS o).

Counstant Heading Climbs and Descents:

28, Chmbs and descents were nittated from trimmed level tlight conditions at
90 and 110 KIAS. The desired vertical specd was SO0 feet per minute. When power
was added, the airspeed immediately showed anincrease on the pilot's indicator. To
correct the apparent airspeed variation. att cyclic was applied. The piteh attitude
also indicated a slight nose up change and the rate of climb went rapidly througl, the
500 feet per minute conditton and reached approximately 1200 feet per minute.
The power was then reduced inan effort to establish the desired rate of ¢limb On
reduction of  power, the reverse affect was noted an that indicated  winpecd
unmediately decreased mdicating o requirement for forward cvehlie and with the new
power setting produced a chimb rate well below the target SO0 feet per mimuate.
These factors were also evident when a level ot at a predetermined altitude wa
performed Tt wias not possible to consistently Tevel oft witlin 100 teet ot the
Jestrad altitudes and errors ay much as 200 feet were expenenced. Inog SU0- 1o
change in altitude, it was not possible to achieve a stabilizea 300 feet per minute
rate o chimb and continue to meet pertormance standards (HOQRS 7). Figure 13,
Appendix Tois a tume history comparison between ship's and boom airspeed system.
I'he pilot held the ship indicated airspeed constant while addimg powcer. The boom
wwstem slowed 12 knots while  the dicated  airspeed  remamed  essentially
unchanged. The large airspeed position crror due to the influence of power on the
prtot static svstem is a deficiency for IMC flieht.

29, Fhere was an additional factor which contributed to the difticulties assocrated
with stebilizing the aircraft in asteady climb. The eyelic trim control positions huave
suhstantial lateral changes with airspeed and power. These Tateral cvelic require-
ments oceur with v control system that has undesirably high breakout plus triction
forces. The resalt was that fateral cyche position was constantly changing throueh-
out the manceuver due to airspeed and power variations. This mercased the pilot
workload and was part of the reason satistactory pertormance could not be
achieved. Large tateral trim changes with power and airspeed are o shortconiny
previoushy discussed Gparagraph 13

Climbing and Descending Standard Rate Turs:

300 Climbing and descending turns were initiated from trimimed fevel theht it
90 KIAS, The ditficulties identified in previous mancuvers were also evident here
I'he Tateral gust response of the aireraft made bunk ungle control o constant
problem. The bank angle could not be controlled within 10 degrees The same
pitot=tatic problems discussed above existed and. when combined with attude
control. made basie atrcratt control extremely ditficalt and required the pilot's
maximum attention (HORS &),

. Ihe attitude indicator is recessed in the nstrument panel m tront of the
plot. There are reterence marks at O fvertical point), 10, 20, 30, and 49 degree bank
positions. The vertical reference is an inverted triangle castly distinguished from the
other reterence marks which are merely short reference lines of uniform thickness A

¢
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the AH-IS (Prody are such that the gireraft consistently  dnlts off speed In
descending turns o desired bank angle ot 20 degrees was attemipted. Durning one
point in a descending turn, the bank angle reached 40 degrees belore it was
corrected by the pilot. The roll response to gusting conditions made descending
turns extremely difticult and in combmation with pitot-static crrors and poor
miechanical characteristics made satisfactory achievement ot the desired standards
impossible. The pilot's total concentration was devoted to maintuming aircraft
control (HQRS 8).

SIMULATED IFR FLIGHT

36 The flight was conducted in simulated IMC conditions and was controlled by
the approach control facility serving the arca. All routine communications assocrited
with an IFR flight were performed. The gunner made some ot the radio calls and
wis also responsible for copying clearances. He did not {ly the aircraft at any time
during the IMC simulation due to the limited navigation and flight instruments as
well as the poor flight control characteristics at the gunner's station. All radios and
navigation equipment were pretuned prior to takeott. The general flight scenario was
radar vectors to o VOR radial, intercept, tracking to the VOR station, holding, and
terminating with a VOR approach.

O I'he fiest problem encountered was retunmg the UHE commumcations radio
Al tuning was portormed by the pilot since all control hieads are located in the att
cockpit. Control head location is shown in the operator's manual (Ref S, App A In
crder to tune the UHIE radiog the pilot Bad o exclunyee lands on the evelic and look
doswnand to the mehic 1o see the trequencs numbers With bus hand on the selector
hes view of the trequency wos obscured. Dunng the et time that st took to changee
thie hundeeds et ol the freguency, the aeradt had golled ot heading
approxiately 1O deerces and was o turn. Three more sinnlar oceurrences were
cyvperienced betore gonew UHE frequency was finally set Onee the trequency was
<oty the pilot made the communication or alternatively advised the copilot o new
frequency was now tuned. Similar experiences were noted when VOR frequency and
transponder code chuanges were required. The transponder controfl head location was
particularby: had an that it s adjacent o the pilot's nght lup This location made
reading the code setting very difficult and necessitated head movaments which
produced vertizo The sensation of vertivo increased the dithicubts ot returmmyge th
areratt to a devel tran condition after tunmg the transponder code The vertieo
induciny location of thie UHED VORD ADEL and transponder control heads s
comidercd o detiaensy tor IMC light.

RE During  the  cowse  of  the theht o the cochpit tempenttuse boecain
uncomtortably warne The pidot attempted to adpust the cnvoonmental controd
system LFCS) Tocated on the nght side panel att of the transponder. The control
focation s shown o the operator’'s manual (Ret S0 App AL A danne this
distraction performance standards coutd not be met and the tendency fen vertipo
was cven nore disconcerting to the pdot Actual temperature adpistiment s not
absolutely escential tor PMC operations, but it s frequently necessany to activate t
rn removal swotch which s Jocated on the same control head producing the same
resuit. The vertivosmduany focation ot the FCS control hewd and raan remonal
switch s ashortcommg for IMC operations

!
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39, Basic navigatton was extremely difficult in that the tanmg ot savigition radios
and orienting charts resulted in the pilot excecding the estublished pertormance
standards consistently. Very little assistance was possible from the punner since he
could not see what frequencies were tuned and was unable to retune to establish
location by intersection. Due to the tandem scating arrangement. he was unable
to assist in sething up the necessary approach plate and was linuted to monitoring
pertinent approach information and advising the pilot periodically  during the
approach. The AH-1S (Prod) in 1ts present configaration s therefore hasically o
single pilot IMC aireraft. These ditficulties were further complicated by the lack ot
storage space in the cockpit. The necessary charts and avproach plates could not be
orgainced cflectively. Fack of storage space m the coekpit area is o <hortcoming.

40. During the VOR holding and VOR approach portton ot the flight, routine
PR tasks created a workload sefficient to cause the pitot to ol to meet
performance standards consistently. Changing the course setting on t'we horizontal
situation indicator (HSDH und selecting the desired tunction on the HSI control
panel took enough time and caused sufficient distraction that heading and attitude
changes occurred prior to reestablishing a cross chieck of thent instroments  Any
requirements inoexcess  of  hasic aireraft control toxed  the pilot bevond  his
capabilities




CONCLUSIONS

GENERAL

41. The AH-IS (Prod), and by inference, the AH-IS (F CAS) are not considered
suttable for flight in Instrument Meteorological conditions.

DEFICIENCIES

42, The tollowing deficiencies associated with flving the ATFTS (Prod)y in IMC were
identified:

HE Fhe poor cyclic control mechanical system characteristics (paragraph 11)

b Laree airspeed position error due 1o the influence ol power o the pitol
static system (paragraph 28)

¢ The casily excited Tateral gust response (paragraph 21
d. Vertigo-inducing location ol the UHE, VOR, ADE. and transponder

control heads (paragraph 37).

SHORTCOMINGS

430 The followmyg shortcomings associated with flving the AH-1S (Prody m IM(
were identified

. I'he persistent Literal-directional oscillation (paragraph 22)

b The lateral trim chunge with atrspeed and power (paragraph 130

¢ The weak static longitudmal statility: at cruise mmspeed {pavagtaph To)
o Fhe engene/mrtframe incompatibility cparagraph -9

¢ Vertigo-inducemg location of the FCS controb head and ram remosal

switeh (paragraph 38)

I Obstruction ol the vertical acterence marh on the attrtude indicator
(paragraph 31)

u Lack of storage space in the cockpit area (paragrapht 39)

SPECIFICATION COMPLIANCE

440 Within the scope ol this testo the AN-TS (Prod) helicopter taled to meet th
tollowing requirements of nulitary speaitication MIL-H-RSOTA

. Paragraph 3.2.0 - Tongitudimal control full throw torces exceed the
80 pound linit by R0 pounds forward and att, (100 percenty tparagraph 11)
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b.  Paragraph 3.2.7 - Longitudinal control breakout foree aincluding triction)
excecded the 1.501b maximum by 2.51bs (167 percent). Also taied o meet
authorized deviation (Ret 10, App A) (paragraph 1(h

¢ Paragraph 3.3.12 - Lateral contror full throw forces excesd the 7.0 pound
limit by 9.0 pounds left and right ( 120 percent) (paragraph 1(h

d. Paragraph 3.3.13 - Lateral control breakout torce Gneludimg 1nction
exceeded the 1.501b maximum by 1.51bs (100 pereent). Alsy tailed 1o medt
authorized deviation (Ref 10, App A) (paragraph 1)

e.  Paragraph 3.6.1.1 - The aircraft exhibited a porsistent faterat-dacctona
osciliation (paragraph 22),




RECOMMENDATIONS
45 The deficiencies identified in o paragraph 42 must be corrected pror Lo
operation in IMC.

d6. The shortcomings identified in paragraph 43 shouald he corrected prior 1o
operation in IMC.
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APPENDIX B. AIRCRAFT DESCRIPTION

GENERAL

| The test hehicopter, SON 76-22873 was a production AH-TS with the K4
matn totor hlades installed. Wing stores contrmtion Tor allb fests were twa TOW
Livchiers on cach ol the oathoard wing stares stations aid one S tabe doeditwcpeli
Liancher pod on cach of the inboard wing stores statrons

MAIN ROTOR BLADES

N The K737 main rotor blades utilize a multicell Tiament wound tiherelass spat
L nomey honeveomb core afterbody . and a Keviar truiling edge sphine. all enclosed
by nibersliass skino At the inboard end, cheekplates carry loads to an alumimum

adapter which is attached to the hub with i pin

R

3 [he K747 Dlade wiclod shape is based on o taoly of wirtorls deseloped by
Bocie Vertol The wirtotl shape varies from blade tp 1o root as tollows

1 RBlade Radias Staton) Arrtoil Design
From nip to 1085 K747 8 thiek Bocmy Vertol VRS
From O.XS to 0.67 lincar transition to 10 thick
Boeme Vertol VR-7
From .67 to .25 127 thick Bocimg Vertol VR
From .25 o 01K Gradual buildup to 23

thick by cheekhplates

ENGINE AND TRANSMISSION 'TANL ROTOR DRIVE

' Tiie TS31-703 turboshatt engime s instatled in the AHIS (Prodh hiehicopter
Flis cnane employs g twosstage. astal-tTow free power turbime. i separate twosstaze
aviad How tarbine driving o fivesstage axial and onestage contrifugal compressor
varnalde inlet gude vanes and an external annubar combustor A 32105 1 reduction
coar box tocated mthe annlet housimy redaces power turbine speced 1o g nominal
autpul shatt specd ol 6600 RPM at 10O percent N The cneme redaction pear hox
s tmned 1o EETS foat pounds (11 torgue (o 3 muates and FETO T o
lot contimuous aperation AT omitersbage turbine tempetatune sensor oones
measures mtenstaee tibane temperatures andd displass s indormation e th
cockpit as turbine gas temperature on the cockpritmstraments,

5 The mam transmission has o 1290 SHP himit tor 30 mimutes and o 1134 SHP
binnt tor continuous operation at a rotor speed of 328 RPM OT00 percent N The
atrcet s turther hinmted to 88 pereent torque above 100 KTAS, The til rotar dre
wstem has g 260 SHP transient dinat for Fseconds and o BN OSHE Tt 1o
contimuous  operation, The engime  used duanme this test was senal nmombes

LE 131457

PRINCIPAL DIMENSIONS AND GENFRAL DATA

- Fhe prinapal dunensions and sencral data concerme the AH IS oo
heheopters are as tollows

=




Overall Dimensions

Length, rotor turning
Heght, raitb ictor vernical
Length, rotors removed

Main Rotor

Duameter

D arey
Numiber of blades
Blade twist

Airtoil
Ll Rotor

Diameoeter

INse drea

Solirhiny

Nuinrhey of blades
RBiade chiord, constant
Blade twist

\irtolt

buselage
RIALAS L1
i ength
Height
Lo tip of tail fin
Ground to top of mast
Ground ro top of
transtussion fairing
Width
truselage only
Wing span
Skid gear tread

tlevator

Spein

Niptoa!

| &

33 teet, Linch
13 teet, Ynches
d feetr, Tinchos

44 feet |
FSM)S fre
) SSG dn‘; rees
See paragraph 3

N oot Ganches
Ao TS e
lban

5

P17 oches
0.0 desres
NACA GO & ot the Bl

root changing lincarly &

aspecial cambered soctier
at 8.7 pereent ot the iy

34 teet. T mnches

TU teet. 8 nches

12 teet, 3 inches

10 feet, D owhies

31t
10 feet, Y inches
Tt

O feet, {1 invhes
Inverted Ok Y

|
i
1




Vertical Fin:

Area 18.5 ft?
Airfoil Special cambered
Height 5 feet, 6 inches
Wing:
Span 10 feet, 9 inches
Incidence 17 degrees
Airfoil (root) NACA 0030
Airfoil (tip) NACA 0024

Weight and Balance

7.  The aircraft weight, longitudinal CG location and lateral CG location were
determined prior to testing. A fuel cell calibration was also performed prior to
testing. All weighings were accomplished with instrumentation installed without
external stores or chin turret weapons installed.
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APPENDIX C. INSTRUMENTATION

| In addigon to the standard areeralt instraments, calibrated istruments i
displayed at the pifot ond gunner cockpit panels. Daty were obtamed from cockpit
nttuments cnd frone the test mstrumentation sssiem Fhe lest anstrumentation
sysient was aastadled, calibeated, and mamtained by USAALE A personocl A st
gintrwraentation pargmeters are encoded pulse code modulation (PCMy and tecorded
onmaenete tape aboard the test reradt Sedeship vane, anple-of-artack vanc, tota!
ternpetatare setsor. nd pavoting pilotstatic head are focated on o test hoam
wonnted on e nose ol the atreralt,

Fhe paramctors cecorded on magoetic tape e
PONM Parainetens

II”\L' coth
Fvem
Fheht number
Kun number
M rotor spead
Puel tomperatune
Fucl used
! ngine fuel flow rate
Finaine gas producer speed
b ngine power tarbime speed
Adrspeed thoon system)
Aurspecd (Ship's system)
Altitude (thoom system)
Attnde Ship's systeim
Eoral an temperatare
Anele of altack
Al o sadeship
I nne torquce
Favine exhaust gas temperature
Control positions

Longitudingl

Laterad

Durectional

Collective
Vireratt attitiudes

Pitch

Rofl
Moo ft anaudar rates

Pitch

Roll

Yaw
Main rotor shatt torque
Mam rotor blade anele

oo parameters displayed i the cockpit are
ot Puncl

Prossure altitude thoom system)
Prossure altitude (ship's system)

20




Airspeed (hoom system)
Airspeed (ship's system)

Main rotor speed

Engine torque

Engine turbine gas temperature
Engine gas producer speed
Angle of sideslip

Copilot Panel

Pressure altitude (boom system)
Airspeed (boom systent)

Main rotor speed

Fngine torque

I'ngine gas producer speed
Total air temperature

FFuel used

Time code display

Data system control

4. The calibrated instrumentation  displayed at the pilot’s station was used
throughout the handling qualities phase of the test. The pilot's mstrument panel
was returned to the standard Cobra configuration (Ref S, App A) for the test flights
involving IMC mancuvers and evaluation.




APPENDIX D. TEST TECHNIQUES
AND DATA ANALYSIS METHODS

GENTRAL

| Potablisbiet bt octmae s ot e anctbea s wene eed e
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control deflection was reached, whichever occurred finst. Collective contiol posttion
was fixed at the trim value and altitude was allowed to vary. The trim airspeed and
desired heading were maintained.  All pertinent parameters were recorded on
magnetic tape. The static directional stability, dihedral effect, and side-foree
charactenistics of the aircraft were evaluated by plotting the variation of control
position and aircraft attitude as a function of sideslip angle.

Dynamic Stability

7. Dynamic stability tests were conducted to evaluate the short and long-period
response characteristics of the aircraft. Short-period characteristics were evaluated to
determine aircraft response to sudden wind gusts and were simulated by rapidly
displacing the cyclic control approximately one inch. holding the input ftor
0.5 second, then rapidly returning the control to the trim position while recording
the resulting aircraft responses on magnetic tape. Lateral-directional short-term
response was further evaluated by directional control doublets.

8. Longitudinal long-period characteristics were evaluated to determune the
aircraft's tendency to return to a trim condition after being disturbed. The
long-period response was excited by stabilizing the aircraft on a trim condition with
force trim ON and then displacing the longitudinal control forward or aft to etfect
an airspeed change of approximately 10 knots. The control was then retumed to
trim, and the resulting aircraft response was recorded on magnetic tape. During the
response, controls were held tixed, but slight pressures directionally and laterally
were used to maintain a constant heading and  laterally  level attitude. The
long-period response was evaluated at three trim airspeeds, and a positive and
negative airspeed change was tested for cach point.

SIMULATED IMC FLIGHT

9. Simulated IMC flight was conducted to qualitatively evaluate pilot workload.
Workload in the IMC environment was determined by selecting a task and
performance  standard, (Ref 8, App A) and then assigning & HQRS number
(Figure 1) based on the amount of pilot compensation necessary to achieve the
standard. The performance standards used were +100 feet altitude. + 10 KIAS, and
+10° heading. Al tasks were performed from the pilot cockpit with all external
outside reference climinated, and no assistance from the gunner.
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